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Abstract 
This report details the development of a Factory 
Operations Management Simulator at Lehigh University. It 
contains the requirement for the transition to the new 
environment, the enhancements added, and a user's guide to 
operating the simulation. This work is an enhancement to the 
"Production Management Operating System Simulation: Fact2 11 
developed at Carnegie Mellon University in 1971. 
The simulator • 1S intended for use by students • in 
Industrial Engineering interested in Operations Management or 
Manufacturing Information Systems. 
l 
Introduction 
The factory simulator is a teaching tool designed to 
assist students in understanding the basic concepts of 
Operations Management and Manufacturing Information Systems. 
The first section of this documentation provides 
detailed information regarding the implemention of the 
FACTORY OPERATIONS MANAGEMENT SIMULATOR in a workstation 
environment. This includes a discussion of the selection of C 
as a programming language and the spreadsheet input and 
output interface. The major challenges in the implementation 
and the remaining bugs in the C programs are also listed. 
Section two details a description of the Plant 
Environment with the available forecasting, aggregate 
planning, detailed planning and reporting models. This 
includes input and output data and available output reports. 
Section three provides the program structure and flow 
diagram, Run Initialization, Decision subroutines and Run 
Control. 
Section four addresses the guidelines for operating the 
simulator. It includes procedures for working with the 
spreadsheet input file, linking the students' modules and RUN 
commands. 
Finally, Section five contains the appendices. Appendix 
A lists all variables declared in the c program along with a 
description of each and where used. Appendix B has the new 
program listing. 
2 
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It should be noted that this documentation incorporates 
most of the original documentation provided 
PRODUCTION 
"FACTORY-2 II. 
MANAGEMENT OPERATING SYSTEM 
1. Origin of Thesis Work 
with the 
SIMULATION: 
The core model of the simulator is based on the work 
done at Carnegie Mellon University in March, 1971, called 
"Production Management Operating System Simulator". The work 
consisted of the simulation program listing (1) and a 
comprehensive manual (2). 
(1) The simulator wa.s developed in FORTRAN IV • programming 
language and ran on the IBM 360 model in batch mode. The 
program and the input data were submitted on punched cards. 
(2) The Carnegie Mellon University manual • is a 100-page 
document that explains the model in detail. Much of the 
information from the manual will be listed as part of the 
documentation pertaining to the new development. 
2. New Development 
This section discusses the new development and enhancements 
to the simulator added at Lehigh University including the 
benefits of the upgrade to the C-language, the challenges in 
the development • using the seed work at Carnegie Mellon 
University and directions for future development. 
3 
2.1. Choice of the C/language 
J ,, 
The choice of Borland Turbo C version 2.0 as the development 
tool for the simulator was based on several factors which 
derive from the requirement that the program be able to run 
under Personal Computer/ MS-DOS with a maximum of 640K 
of RAM. These factors are: 
a. Memory: 
( 
block 
One of the key concerns in implementing the new version of 
the simulator has been the memory requirement on the new 
workstation environment. 
b. Time: 
Since it is expected that the simulator should run on an IBM 
PC-XT or clone models, time limitation was another 
consideration for choosing C. The TurboC 2.0 compiler has an 
option to compile code for efficient timing. 
c. Integration with other tools: 
The C/language is gaining wider acceptance and support • in 
software tool development. In the future, it is expected that 
the simulator will benefit from the direct and clean 
integration with other software if deemed necessary. Already, 
spreadsheet interfaces are developed in C/language. 
~· d. Flexibility and Structure 
The C/language environment offers higher level languages 
advantages and flexibility. In requiring a structured 
programming approach,. C is easier to read, understand and 
make changes to than in FORTRAN. 
4 
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2.2. Challenges in the Development 
The lack of structure, the absence of comments, and the 
random patching done in programming of the original model at 
Carnegie Mellon University were the main challeges in the t 
development. 
The C/language modularity necessitated the breakdown of 
the • main file into four different files. Every attempt was 
made to keep the main weekly simulation routine in one module 
which is "FACT2 ''. The supporting subroutines are • 1n '' FACT3" 
file, while ''FACTS" contains the FORECAST, AGGREGATE 
PLANNING, DETAILED PLANNING and REPORT subroutines. Global 
variables are defined in "VARS.H" file. 
In conclusion, the fact that the simulator was not 
maintained properly or adequately and the unfamiliarity with 
the operations management concepts explain why the transition 
took approximately two semesters to be implemented. 
2.3. Enhancements and Additions 
The enhancements and additions made to the core model 
were significant. They reflected the challenges encountered 
during the development of the simulator and as a result 
serious efforts were taken to make sure that the programs can 
be easily read and modified if the need • ar1zes. We could 
list at least four areas where enhancements or additions were 
made. The programming style and extensive use of comments was 
a major enhancement. Other additions included the application 
of spreadsheet input and output to the model to make it more 
5 
user friendly. 
The addition of the spreadsheet was origin~lly intended to be 
used as input and for interim storage of values such as 
inventory updates or income statements. But since then, the 
latter option was dropped because of the numerous and 
frequent reports that can be generated by the simulation 
model which can constrain the disk memory of the PC. 
The advantages of the spreadsheet is in the added security to 3 
the system. Quattro spreadsheet can protect selected data 
input from being altered by the students. We leave it up to 
the administrator to choose which variables should be 
protected. For more information on this option, please refer 
to the Quattro user's manual. Variables which have to be used 
by the students to develop forecasting, aggregate planning 
models, etc ... are identified in the appendices. 
The data dictionary has been updated to include more 
detailed explanation on variables in the programs. Redundant 
variables were eliminated in the conversion to c. Every 
attempt was made to localize variables in order to save 
memory space. 
Another addition is a user's option for the selection of the 
seed value to the simulator. One option is to use the 
time-based random seed value function available in the 2 
Turbo/C library, while the other is directly inserted in the 
in the Spreadsheet input and internally generated by the 
, 
program. For more information on the Time-based seed value 
6 
2 
please refer to the Borland Turbo/C version 2.0 manual. 
2.4. Remaining Software Bugs 
Every effort was made and will be made to rid the 
simulator of software bugs. Unfortunately, a major bug 
remains. The same output data directed to a file cannot be 
saved, but can be displayed on the video screen. In this 
case and for the time being this output was directed to the 
video screen. 
2.5. Direction for Future Development 
Several enhancements or additions can be made to further 
the usefulness of the simulator. It can be adapted, for 
instance, to a wider number of courses at Lehigh University 
by identifying the corresponding segment or module to be 
enhanced. For instance, MRP product record and routing sheet 
information can be easily generated with few print statements 
during weekly simulation. 
The model can be integrated with other application software 
programs to form a system. This vertical integration can· 
potentially apply to micro-level manufacturing functions such 
as scheduling and queueing models. The Factory Operations 
Management simulator role would be to track manufacturing and 
administrative overhead costs, and inventory l~vels. 
Graphics can I improve the representation of output results 
of the simulator. With the availability of the .spreadsheet, 
this function can be easily implemented. 
7 
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Figure 3 
Company Dalance Sheet 
(in$ thousands) 
Liabilities 
Cash $1,035 Accounts payable 
Securities 216 Notes payable 
Accounts receivable 2,907 Short term debt 
Inventory 3,688 Accrued expenses 
$1,309 
0 
175 
800 
Other current assets 785 Other current liabilities 65 
Total current assets $8,631 Total current liabs. 
Plant (at cost) 
Equipment 
$5,470 Long term debt 
6,102 
Allowance for depr. (-1,483) Stockholder's Equity 
Net Plant & Equip. 10,089 Retained earnings 
Other fixed assets 617 Other liabilities 
Total Assets $19,337 Total Liabilities 
10 
$2,349 
$2,000 
$8,487 
5,951 
560 
$19,337 
'. ~ 
Case Description of the Plant Environment for FACT-2 
3.1 Company Background 
The "FACTORY-2 11 Company has been in business for 
almost 35 years. It was founded shortly after World War II by 
four veterans who became close friends while serving in the 
Navy. Carl Negus, the President and chief executive officer, 
and Art Hertz, Vice-President of Manufacturing Operations, 
are the two ' . surviving founders and also the majority 
stockholders owning 35% and 20%, respectively. Hertz's only 
son in law, Paul Turner, is Vice-President of Finance and 
holds an additional 10% of the equity. The remaining equity 
is divided among management personnel and treasury stock. As 
might be expected, the company is tightly controlled and 
major decisions on policy matters are dominated by the 
influence of Negus and Hertz. A company organization chart is 
shown in Figure 2 and a year end balance sheet is provided in 
Figure 3. 
From humble beginnings as a small custom quality job 
shop, the "FACTORY-2'' Company has matured into a well 
respected manufacturer of special purpose • moving 
equipment with annual sales approaching $18 million. Company 
headquarters • 1S in Dearborn, Michigan, adjacent to the sole 
production facilities, a relatively modern factory built 
within the past ten years. The company's marketing effort is 
directed by Jim Rhodes who employs a modest force of direct 
contact salesman. Although sales have been rising in recent 
11 
... 
years, top management has been concerned that, in their 
opinion, profit margins are not rising proportionately. As 
one move to correct the situation last year Hertz hired John 
Walton away from an automobile corporation to become the new 
"Factory'' Manager. 
3.2 The Production Technology 
The reference environnent of the simulator • 1S a 
·factory which is involved in the fabrication and assembly of 
industrial products (e.g., small fans 
equipment) . · 
or • moving 
The factory markets 10 final products which range in 
price from $16.25 per unit to $41.25 per unit. The plant I 1S 
organized around work flow into three I main operating 
departments: Final assembly, sub-assembly, and raw materials 
and parts. The current product line requires 7 sub-assembly 
groups, 15 parts categories, and 8 classifications for raw 
materials; work flow and inventories are controlled within 
the factory according to this breakdown. 
Manufacturing lead times within factory· departments are 
nominally 1 week. For example, referring to Figure 4 
transfer of raw materials in Department 3 or final products 
in Departnent 1 require one week lead time. Lead times from 
raw material suppliers are 1 and 2 weeks, respectively, 
depending upon the particular item group required. The 
factory also maintains close contact with intermediate 
suppliers so that in an "emergency" situation plant 
12 
management has the option of expediting receipt of any stock 
item (except final products) at a cost predetermined. A 
schematic of the factory organization and work flow is shown 
I I in Figure 4s 
As indicated above there are forty item categories 
involved in factory operations. The factory employs the 
following "codes" for item identification: items numhered 1 
to 10 represent "finished products''; items numbered 11 to 17 
represent "sub-assemblies"; items numbered 18 to 32 represent 
"parts''; items numbered 32 to 36 represent ''raw materials (1 
week lead time)" and those numbered 37 to 40 represent "raw 
materials ( 2 week lead time)''. 
A complete bill of materials explosion of production 
requirements for all assembled items is presented I I in Figure 
5. The table in Figure 5 is interpreted as follows: row and 
column numbers represent stock item codes. a row number 
identifies the stock item for which entries in the row 
correspond to per unit requirements of the respective column 
coded item input: blank entries in the table signify zero 
requirements. For example, row number 1 gives the per unit 
material requirements for final product 1, viz., one unit of 
sub-assembly number 11 and one unit of part number 28. 
Continuing to row number (sub-assembly) 11, a unit of output 
requires one unit of part number 18 and one unit of part 
number 20. The corresponding material requirements for these 
parts are given in rows nunbered 18, 20, and (from row 1) 28, 
13 
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respectively. The complete return trace gives the entire 
material requirements for final product 1. For example, • 1n 
this case is one unit of output for the first product 
requires the following raw material inputs: 2 units of item 
33, 3 units of item 35, and 2 units of item 37, and 1 unit of 
item 39. Comparable ''explosions" can be made for all items. 
Figure 5 can also be employed as a ''used on" or ''where used" 
listing by entering the table with a column number and 
reading all row numbers corresponding to non-zero column 
entries within the columne For example, entering the table 
with column numher 18 and r·eading down the col.umn indicates 
that part numher 18 is "used in'' ( in) final product numher 7 
and sub-assembly 11; and so on. 
3.3 Work Force Data 
The factory currently employs 247 skilled 
direct labor. These personnel are presently 
I • workers .1 1n 
assigned by 
/ department as follows: 108 in Department 1, 64 in Department 
2, and 75 in Departnent 3. The work force is unionized and 
the existing average wage per worker (including fringe 
benefits) is $4.50/hour. • union Under the present contract 
the hiring cost per man which includes training is estimated 
at $350.00 plus a loss in productive time of 32 hours per man 
hired during the week hired. layoff cost per man including 
severance pay is estimated at $360.00. The company incurs a 
penalty in lost productivity and downtime when workers are 
transferred between departments within the factory: 
14 
) 
) / 
I 
accounting estimates the loss in prcductivity to be 16 hours 
per man week transfer (i.e., 2 days downtime per man). The 
union contract restricts overtime operations on a weekly 
basis to 140% of regular time, so that the maximum allowed 
hours per man in any work week is 56 hours. The wage rate for 
overtime operations is "time and a half" (i.e., 1.5 times the 
rate for regular time) up to 48 hours and "double time and a 
half" for the balance up to the maximum per week. Plant 
Industrial Engineering has synthesized (and rated) time 
standards for manufacturing in conjunction with the local 
union these time standards in manhours by stock item are 
listed in Table 1. 
3.4 Manufacturing Costs 
In addition to the labor costs noted above, the plant 
accounting observes several conventions • 1n establishing 
manufacturing cost for a production item. Current practice is 1/ based on a full cost system which assigns a standard 15% in 
loading as a burden rate on all direct labor hours (at 
regular time). Inventory stock is valued at total cost using 2/ FIFO by quarters (12 weeks) and the inventory carrying 
charge • 1S 0.3% per week on the full-value investment . 
Operating data is summarized by stock item category in Tables 
2 to 4. Due to the nature of the business, no quantity 
discounts are involved in the final product sales ' prices 
shown in Table 2. Workforce productivity estimates in Table 
2 were determined by plant industrial engineers on the basis 
15 
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of departmental time standards and historical data. Unit 
expedite costs in Tables 3 and 4 are the total cost per unit 
expedited and are based on existing suppliers and/or 
contractual agreements. All expedite requests are met, as 
required, for the costs shown. The base unit cost for raw 
materials in Table 4 reflects the net effect of any discounts 
under outstanding contracts. All inventory stock figures can 
be assumed to be accurate given the recent (annual) physical 
audit of facilities. An example income statement for the 
factory is shown in Figure 6A. The corresponding "labor 
report" for the same week is shown in Figure 6B. 
These are two of the seven weekly reports provided for 
monitoring operations under the existing management 
information system (see below for further details on this 
system). Factory accounting of costs employs the following 3/ 
procedures: 
(1) Inventory book values are computed according to the FIFO 
(by quarter) valuation method. The numher of units of the 
item produced in any week is added to the stoqk item volume 
on hand. 
(2) When any item is manufactured the total cost of the 
production run for that item is the sum of: the value of the 
components used in the item (each at FIFO inventory value per 
1/ Note that the program control (see below for description) permits the option of a direct cost system if desired by an input decision parameter. 2/ Note in the program control (see below) the FIFO base is a variable which can be set by an input decision. 
16 
unit or, if expedited at expedite cost per unit), direct 
labor cost at regular time (and overtime if any), and a 90% 
burden rate on direct labor. 
1/ (3) ''Materials'' during the week (see Figure 6A) is the 
total cost of goods sold at finished goods inventory value 
per unit less the direct labor cost of total production 
manhours during the week and "other expenses." 
(4) "Direct labor" is total labor cost for the week at 
regular time and overtime, if any. (An example of the 
supporting detailed report for direct labor costs by 
department is shown in Figure 6C.) 
( 5) ''Other expenses'' (where applicable) include hiring and 
firing 
overhead" 
costs, inventory • carrying costs, and "variable 
( 6) ''Operating profit" before taxes is total weekly sales 
revenue minus materials cost, direct labor, and other 
expenses. 
3/ This description pertains to the "full cost'' accounting 
system. Under the "direct costing" option: (1) Inventory 
value of manufactured items is based on direct labor at 
regular time (overtime or idletime labor cost differential is 
charged to other expenses"), (2) the burden rate on direct labor is 30%, and (3) a weekly ''administrative expense'' of $27,000 is charged in· addition to "hiring and firing costs'', inventory carrying costs, and "variable overhead''. 
'{·-:""""'":·t 
; 
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3.5 Product Demand 
Market demand for the ten final products is reasonably 
stable, as industrial markets go, and is not overly sensitive 
to advertising expenses or unusual promotional activities. 
The product line enjoys a favorable reputation for quality 
and reliability and is priced competitively. However, 
customers are • responsive to the availability of items and· 
supply performance over time. Thus, the factory maintains 
inventory stock to protect market position for all final 
products, since these items are "standard" and do not involve 
custom manufacturing. Historical data has shown that • in 
out-of-stock situations for a particular product, some 
fraction of the excess demand customers will back order 
sales, however, this fraction of reliable customers depends 
upon factory performance in meeting sales over time. That is, 
under continuing out of stock conditions the number of 
customers willing to backorder decreases successively. 
If the situation perpetuates itself over time. Similarly, 
stock-outs influence total product demand as the reputation 
for "poor supply performance" spreads within the market 
place. 
1/ Note accounting calculations on a weekly basis even though reports may be on a more aggregate time frame (e.g., monthly, quarterly, etc.). In the latter case calculations are aggregated accordingly. 
18 
On the other hand, as perfor1uance is improved and stock-outs 
approach zero, all conditions will converge to "normal''. 
Published surveys on the industry, including • an economic 
analysis of market data, strongly suggest that product demand 
is influenced by trend and seasonal factors. In this regard 
the following specification has been suggested as a base 
model of finished product demand (for T = 1, 2, •.. and 
I = 1, .•• , 10) 
(1) X(T,I) = AO(I) + Al(I)fl(T) + A2(I)f2(T,A3(I)) + e(T,I) 
where the left-hand dependent variable • lS demand for 
product I in time period T; fl(T) is a monotonic function 
of time corresponding to a trend factor; f2(T,A3(I)) • 1S a 
time based function with periodicity A3(1), corresponding to 
an additive seasonal factory AO(I) is the mean value of 
demand. Al(I) and A2(I) are relative weights for the 
respective components, and e(T,1) is a randomly determined 
error term ("white noise'') which • varies according to a 
Gaussian probability distribution with mean zero and standard 
deviation (I), constant over time. As noted above, the 
actual demand (sales) for any product may be above or below 
X(T,I), since the specification in equation (1) does not 
adjust for either backorders or potential loss of ''good will" 
under stock out condition). A statistical analysis of 
company data has led company management to believe that the 
mean value of product demand • 1S given by the following 
schedule: 
19 
PRODUCT INDEX (I) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
• 
AO (I) 
3000 
1800 
1200 
600 
900 
225 
1500 
2550 
600 
360 
To date, no analysis has been performed by product to 
obtain comparable estimates of the remaining terms • in 
equation (1). 
3.6 Plant Management 
Plant management at the factory has been unusually 
consistent over time in their decision making behavior for 
most major areas of planning. The degree of logic behind 
this consistency is clearly influenced by the relative youth 
of the management (average age 45 years old) and their 
increasing exposure to management • science. For practical 
purposes plant management has organized their decisions into 
the • maJor areas 
macro-flowchart of 
of 
Figure 
the simulator as shown in the 
1 • viz., forecasting, aggregate 
planning, detailed planning, and management information. The 
decision rules employed in each of these areas are outlined 
below and represent the basic structure of the Teach 
subroutines in the model. That is, these rules of the Teach 
programs are 
forecasting 
the 
for 
present ''plant management'' . Sales 
final products is based on a simple 
20 
exponential smoothing model of the form. 
(2) FORE(T+J,I) = (I)SALES(T,I) + (1- (I))FORE(T+J-1,I), J 1 
where FORE(T+J,I) is the sales forecast for time period 
(T+J) for product I. (I) is a smoothing coefficient for 
product I; SALES(T,I) is actual sales realized in the current 
time period; and FORE(T,I) is the forecast of current sales 
made • in the • previous 
smoothing coefficient 
time 
• 1S 
period . 
used 
At 
for 
present the same 
all products; 
• 1. e., (I) -- 0.3 for I=l, ... , 10. The model in (2) is an 
adaptive approximation of the specification in equation (1) 
above. To this end, base period initial forecast values are 
taken at their mean value, that is, FORE(O,I) = AO(I), for 
the schedule given under 2.5. Equation (2) is the base model 
employed in the ''TCHFOR" subroutine. 
Aggregate planning of final product production is also 
based on an adaptive model which reflects current operating 
levels of production and inventory, and sales forecasts. More 
specifically, the decision rule employed for the I=l, ... ,10 
final products is 
(3) AGG(T+l,I) = AP(~ 1 I) - B(I) [AP(T,I] - FORE(T+l,I) 
- (I) [ AV (I) - FORE ( T+ 1, I) ] - (I) [ INV ( T, I) 
- AO(I)], 
where AP(T,I) is actual production in period T. FORE(T+l,I) 
is computed according to equation (2) above; B(I), (I), and 
(I) are decision rule parameters for each product I, 
/ 
1 INV(T,I) is actual inventory-on-hand of product I at the 
beginning of period T. AO(I) is the mean sales value • given 
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und~r 2. 5c above and "average forecasted sales'' is N 
( 4 ) AV (I) [ FORE ( T+J, I) ] / N 
J=l 
where N -
- ''HORZ II' the selected planning horizon for the 
model, and 5 N 12. The present decision rule coefficients 
employed in (3) for all ten products are B(I) = 0.85, 
(I) = O • 15, and (I) = 0.84, I=l, ... ,10. For fin 
product planning decisions required beyond the coming time 
period (T+l), the Same basic form of equation (3) is employed 
where AP(T,I), actual production, is replaced by the previous 
period's planned production; that is, the rule for AGG(T+J,I) 
for 1 < J N is given by (3) after replacing AP(T,I), with 
AGG(T+J-1,I), and FORE{T+J,I) given by (2). 
The remaining aggregate decision planning area 
concerns the total work force. This decision in each time 
period is based on the following rule: 
(5) AGG(T+l,11) = AGG(T,11) - [AGG{T,11) - AGG(T+l,I)/ 
FGP(I)] 
where AGG(T+l,I) are the production decisions obtained from 
(3); Dis percentage of total work force allocated to 
Department 1 (current D = .435); FGP(I) are the estimated 
worker productivities for final production given in Table 2; 
is a decision rule coefficient ( = 0.25) and AGG(T,11) is 
the work force decision for the previous period which is also 
the present total work force level. Allocation of the total 
work force within the factory is currently on the basis of 
\ ---
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some simple (heuristic) rules of thumb; • V1Z., total work 
force is partitioned in proportion to the anticipated 
production time required within departments 1, 2, and 3, 
respectively. overtime ' 1S allocated within departments as 
. 
required up to capacity. Equations (3) to (5) constitute the 
base decision models employed in the "TCHAGG" subroutine. 
Detailed schedules for sub-assemblies, parts, and raw 
materials are obtained from planned aggregate decisions for 
the time periods T+l to T+(HORZ) on the final products, where 
the present horizon (HORZ) is 5. Materials are allocated by 
a simple preference ordering based on the sequence of stock 
item number codes, i.e., product number 1, first; product 
1/ 
number 2, second; and so on. In the interests of cost 
economy, the expedite option has rarely been exercised in the 
past. Requirements generation for stock item inventory 
control is based entirely on the extrapolation of the final 
product aggregate plans over the planning horizon and the 
bill of materials ·explosion given in Figure 5. 
Inventory safety stocks, where they exist, have been 
established implicitly on the basis of historical performance 
(nominally, a two week's supply) . These procedures 
constitute the basic rules for the "TCHDET" subroutine. 
As noted under section 2.4, the factory management 
information system provides plant management with eight 
operating reports for monitoring operating performance which 
can be requested weekly, monthly, quarterly or annually (see 
23 
Section 3.3). In addition to those shown in Figure 6, the 
reports include: time and material shortages (Fig. 7) , a 
cumulation of forecast errors (deviation) for each final 
product forecast (Fig. 8), and three detailed status reports 
on operations by production department (Fig. 9A, 9B, and 9C). 
These basic reports constitute the output from the "TCHREP" 
subroutine. 
Operating performance of the factory is evaluated 
nominally against a target plan during each simulation run. 
Target figures for actual performance and variance from 
target are maintained on six categories of operations: 
gross profits, material cost, direct labor cost, regular time 
manhours, over-time manhours, and inventory turnover. These 
data are automatically reported on an annual basis and may 
also be requested more frequently at regular intervals, i.e., 
either monthly (4 weeks) or quarterly (12 weeks), by 
sub-totals and, as such, are part of the factory management 
information system. 
Factory performance during a "recent'' five year history 
summarized in Figure 10. 
I 
1S 
Appendix A gives a dictionary for all variables employed 
in the ''FACTORY" computer model. This dictionary also 
identifies certain variables (or infomation stores) which 
are common to any and all subroutines in the simulation. As 
such, these common variables constitute the complete data 
24 
base for the factory management information system. Some, 
but not all, of these "information stores'' are employed • in 
providing the existing management reports outlined above. 
•' 
\ 
I 
I 
/. 
"! 
1/ Note, there is a control option within TCHDET to alter the production priority sequence by specifying a desired 
alternate sequence. See Section 3.3 for details. 
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Figure 6A 
SALES 
INCOME STATEMENT FOR THE LAST 1 WEEKS AS OF WEEK 31 
$ 442,435.30 
MATERIALS 
DIRECT LABOR 
OTHER EXPENSES 
$ 236,043.60 
64,710.90 
58,369.20 
OPERATING PROFIT $ 83,311.60 
Figure 6B 
MANUFACTURING STATEMENT 
FOR THE LAST 1 WEEKS AS OF WEEK 31 
MANUFACTURING COSTS 
DIRECT LABOR 
REGULAR 
OVERTIME 
TOTAL 
DIRECT MATERIALS 
REGULAR 
EXPEDITED 
TOTAL 
OVERHEAD 
HIRING 
FIRING 
INVENTORY CARRYING COST 
VARIABLE OVERHEAD 
TOTAL OVERHEAD 
COST OF GOODS MANUFACTURED 
ADD BEGINNING INVENTORY 
LESS ENDING INVENTORY 
COST OF GOODS SOLD 
28 
$ 46,080.00 
18,630.90 
$ 260,106.70 
.oo 
$ 4,200.00 
.oo 
$ 2,825.50 
$ 51,343.60 
$ 64,710.90 
260,106.70 
58,369.20 
$ 383,186.80 
920,605.70 
944,668.80 
359,123.60 
' 
Figure 6C 
LABOR REPORT FOR THE LAST 1 WEEKS AS OF WEEK 31 
AVAILABLE 
DEPARTMENT HOURS 
1 4960.0 
2 2480.0 
3 2800.0 
TOTAL 10240.0 
TOTAL WORK FORCE 256 
HIRED 12 
FIRED 0 
TRANSFERED 2 
REGUIAR 
TIME 
4960.0 
2480.0 
2800.0 
10240.0 
29 
" 
OVER 
TIME 
897.4 
694.1 
845.9 
2437.4 
PAYROLL 
$ 28377.50 
16736.80 
19596.60 
$ 64710.90 
Table 1 
Standard Time Requirements for Manufacturing 
ITEM NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
SET UP TIME 
(manhours) 
10.0 
16.0 
20.0 
40.0 
12.0 
20.0 
24.0 
8.0 
14.0 
80.0 
8.0 
12.0 
12.0 
60~0 
16.0 
14.0 
16.0 
2.0 
3.0 
4.0 
4.0 
2.8 
2.0 
4.0 
4.40 
4.60 
4.60 
6.0 
6.40 
6.40 
7.0 
20.0 
30 
RUN TIME/UNIT 
(manhours) 
.10 
.60 
.30 
.40 
.20 
1.00 
.50 
.150 
.30 
.70 
.120 
.120 
.140 
.30 
.20 
.20 
.240 
.020 
.040 
.040 
.040 
.020 
.040 
.040 
.060 
.040 
.060 
.060 
.080 
.080 
.080 
.080 
T a b 1 e 2 
Final Product Operating Data 
ITEM 
NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
SALES PRICE 
($) 
16.25 
21.67 
20.75 
29.70 
36.11 
42.67 
36.00 
25.54 
27.04 
41.25 
INITIAL INVENTORY 
STOCK 
(units) 
3000 
1800 
60 
600 
900 
225 
1500 
2550 
600 
360 
1/ Based on ''average'' workweek of 4 5 hours. 
31 
ESTIMATED 
WORK FORCE 
PRODUCTIVITY 
(units/manweek)l/ 
450.00 
73.50 
147.00 
110.00 
220.00 
44.25 
88.00 
294.00 
147.00 
63.00 
1 
NUMBER 
11 I 
12·, \ 
\ 13 , ,.1 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
T a b 1 e 3 
Work-in Process Operating Data 
EXPEDITE 
UNIT COST 
{$) 
9.33 
11.83 
15.83 
16 .. 80 
18.20 
24.79 
13.50 
1.45 
2.18 
6.50 
7.87 
1.84 
1.73 
3.16 
3.99 
5.28 
6.31 
5.04 
6.39 
6.70 
8.39 
9.50 
32 
INITIAL INVENTORY 
STOCK 
{units) 
6072 
3861 
30 
588 
795 
180 
2190 
22935 
26751 
20829 
17955 
4548 
3072 
9360 
5484 
5886 
1689 
5555 
825 
2523 
8988 
6 
ITEM 
NUMBER 
33 
34 
35 
36 
37 
38 
39 
40 
BASE 
UNIT COST 
($) 
0.33 
0.50 
0.67 
1.00 
1.67 
2.16 
3.00 
3.30 
I, 
Table 4 
Raw Material Operating Data 
EXPEDITE 
UNIT COST 
( $) 
0.47 
0.59 
0.70 
1.18 
2.89 
2.54 
4.33 
5.00 
33 
INITIAL INVENTORY 
STOCK 
(units) 
76494 
73980 
61269 
125391 
40620 
85926 
4~55-s, __ ~ 
--30765 
Figure 7 
TIME AND MATERIAL SHORTAGES FOR LAST 1 WEEKS AS OF WEEK 3 
Production of 7 reduced to 1665 because of shortage of 
material 17 
Production of 17 reduced to 2520 because of shortage of 
material 30 
• Figure 8 
' 
CUMULATIVE FORECAST DEVIATIONS FOR LAST 1 WEEKS AS OF WEEK 31 
124 220 390 443 175 67 94 952 218 
• Figure 9 
FINISHED GOODS PRODUCTION REPORT FOR LAST 1 WEEKS AS OF WEEK 
31 
PRD. FORE DESRD ACTUAL ACTUAL BACKORDS INV COST-OF INV 
NUM. SALES PROD. PROD SALES ON HAND UNITS GOODS DOLLARS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
3014 3004 3004 
2428 2798 2798 
1621 2363 2363 
748 941 941 
1236 1471 1471 
301 389 389 
1795 1959 1959 
2563 2452 2452 
776 747 747 
435 459 459 
2890 
2648 
2011 
1191 
1411 
368 
1889 
3515 
558 
435 
0 
0 
0 
119 
0 
0 
0 
0 
0 
0 
34 
SOLD 
3106 35870.7 38667.4 
1621 54563.6 33501.9 
696 31414.5 10905.1 
0 32205.3 0.0 
664 39666.7 18722.7 
142 14486.3 5606.6 
1377 56158.4 41059.9 
1397 68676.5 27376.6 
838 13767.7 19232.0 
337 13313.9 10345.4 
0 
F i g u r e 9 B 
PRODUCTION REPORT FOR SUB-ASSEMBLIES AND PARTS FOR LAST 1 
WEEKS AS OF WEEK 31 
PRODUCT 
NUMBER 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
DESIRED ACTUAL INVENTORY 
PROD. PROD. UNITS 
5686 
3349 
3698 
1174 
1625 
432 
2768 
7767 
8816 
10194 
7405 
8156 
2455 
6822 
2689 
5575 
1284 
4729 
886 
5696 
3370 
490 
5686 
3349 
2698 
1174 
1625 
432 
2768 
7767 
8816 
10194 
7405 
8156 
245 
6822 
2689 
5575 
1284 
4729 
886 
5696 
3370 
490 
10839 
5483 
3356 
1644 
2268 
592 
4989 
14780 
14216 
16952 
13041 
9490 
3484 
7709 
3736 
7937 
1806 
7738 
1145 
9064 
6814 
881 
35 
INVENTORY EXPEDITED 
DOLLARS UNITS 
81503.25 
49667.49 
36912.36 
26394e40 
32972.63 
10826.23 
59629.97 
17928.68 
27266.44 
86871.45 
77650.91 
14722.04 
5566.95 
18781.80 
12384.03 
32702.35 
9080.81 
30858.69 
6208.44 
50003.64 
44569.57 
6749.27 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
' Figure 9C 
RAW MATERIAL STATUS REPORT FOR THE LAST 1 WEEKS AS OF WEEK 31 
RM UNITS , INVENTORY INVENTORY EXPEDITED ON ORDER 
RAW MAT. NUMBER ORDERED UNITS DOLLARS UNITS 
33 
34 
35 
36 
37 
38 
39 
40 
35729 
25042 
27399 
42779 
22585 
20025 
22766 
9427 
56529 
42176 
44661 
68634 
26394 
30727 
30678 
15372 
18751.11 
21202.24 
30086.93 
68984.82 
44296.40 
66697.80 
92608.83 
51490.54 
Figure 10 
0 
0 
0 
0 
0 
0 
0 
0 
SUMMARY OF YEAR END PERFORMANCE 
(Consecutive 5 year History) 
0 
0 
0 
0 
22585 
20025 
22766 
9427 
DIRECT DIRECT MANHOURS INV 
YEAR GRS-PROFIT MATER. COST LABOR COST REGULAR CV.TIME TURN 
1 
2 
3 
4 
5 
3,238,994 9,690,323 
3,645,741 10,470,565 
4,174,823 11,563,102 
4,534,546 12,637,260 
4,913,968 13,410,771 
2,252,425 440,560 36,827 11.44 
2,439,780 470,240 43,974 12.69 
2,622,207 520,920 39,218 13.27 
2,870,116 565,440 45,641 13.58 
3,019,644 605,120 42,922 13.65 
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Figure 11 
Run stage 
FLOW DIAGRAM OF MAIN PROGRAM SIMULATOR 
Program Function 
Initialization 
Production 
Simulation 
Decision Making 
Subroutine Calls 
Demand Generetions 
Accounting and 
Report Generation 
Input Data 
Permute demand coefficients 
Generate historical sales data 
Loop for weekly run 
Call subroutines TCHFOR or FCST 
TCHAGG or AGGR 
TCHDET or DEPLAN 
Loop for departments (1,2,3) 
Compute max. time for current dept. 
Loop for products (l-10,11-17,18-32) 
Test for available time and material 
Update inventories 
Expedite if necessary (and requesd) 
Order raw materials 
Compute cost of items manufactured 
Generate demand 
Produce sales 
Compute accounting costs 
Call report subroutine TCHREP or 
REPORT 
Print monthly, quarterly, and yearly 
performance reports (control option) 
Stop 
36a 
4. The Computer Model: Main Program Simulator 
4.1 Program Structure 
A flow diagram of the model structure for the • main 
program simulator is shown in Figure 11. Referring to this 
diagram, the main program I 1S subdivided into five I maJor 
stages of execution. The first stage of execution is the run 
-initialization at which time data and control parameters are 
read from the input file, a sales history for final products 
is generated, and initial conditions for inventory, 
production, and sales are established. The second stage of 
execution is the simulation of production operations for one 
week. Within the actual weekly production run, the third 
stage occurs which involves three subroutine calls for either 
the Teach or student written programs for sales forecasting, 
aggregate planning, and detailed planning functions. At the 
fourth stage of execution weekly demand I 1S generated 
stochastically for each of the ten finished products and 
product sales are released from finished goods inventories. 
The fifth stage computes weekly accounting data on operations 
and generates (cumulates) management report data according to 
the Teach or student subroutine option. The program cycles 
between the second and fifth stages, terminating execution 
after the last week of the run has been simulated. A 
detailed description of each of these stages of run execution 
is given below. 
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4.2 Run lnitialization • .·~ 
Prior to the simulation of operations in any run, data 
and control parameter values are read by the program from the 
spreadsheet input file. 
The coefficients in the functional specification for the 
equation which generates final product demand are permuted 
across the final products, respectively, during each run of 
the simulation. The permutation is randomly generated from 
the original order of these coefficients in input spreadsheet 
file at the start of each run. The randomization process for 
permuting these coefficients is effected by either (1) an 
internal time seed program (2) a simple random number 
generator which requires an input initialization seed. Under 
the current program listing, an external seed is provided 
through the system time clock up to the one-hundreth of a 
second to initialize the permutation process. Note that if 
the initial seed in the input file under this option is not 
changed between runs, the coefficient permutation will be 
identical across runs. In order to use the system clock 
random generator, the random seed number should equal to 
zero. In particular, the characteristics of the demand 
function for each final product and base reference for sales 
of each product (ignoring the impact of stock-outs) will give 
the same sequence of sales for each replication of the 
simulation. 
As a historical reference for forecasting, at the outset 
38 
of each replication six months (24 weeks) of sales data are 
generated for each final product prior to simulating actual 
operations of the factory. These sales are generated by the 
same functions that are used to generate demand during 
subsequent weeks of the simulation. Any time dependent trend 
or seasonal factors are continuous functions between the last 
week of the history (the 24th) and the first week that • lS 
actually simulated. The historical sales are not forecasted. 
After some weeks of simulation, HISTSA(I,J) still contains 
the original 24 weeks of historical sales data that were 
generated prior to the first week of the simulation run. The 
sales just to the first week that is • prior of the week 
simulated are initialized to be the sales of the last week of 
historical sales, i.e., SALES(!) = HISTSA(I,24) see Appendix 
A. The forecasts and actual production of that week 
( FORE ( 1, I) and AP {I) ) are assumed . to have been ''perfect", and 
are also initialized to the sales of the last week of 
historical sales. 
Although 24 weeks of history are provided, the first 
week simulated is considered to be week one, • 1 • e. , WEEK = 1 • 
Similarly, week~ 1-4 comprise month 1, weeks 1-12 • comprise 
quarter 1, and weeks 1-48 comprise year 1. 
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4.3 Decision Subroutines 
Each week three subroutines (forecasting, aggregate 
planning, and a detailed planning subroutine) are called by 
the I Main Program. Each type of subroutine is called only 
once during each week of simulation. The control flag as 
described I 1n the Data Dictionary, variables Sl, ... ,S4 
determines whether the call is to the Teach or the student 
supplied subroutine. 
( 
The forecasting subroutine, TCHFOR, does not require 
any special inputs from the student. The output of this 
subroutine is the forecast sales for the ten final products 
for the coming week and subsequent weeks. The forecasts are 
stored in FORE(J,I) where J is the time index. After the 
subroutine has been called FORE(l,I) contains the forecast 
sales of final product for the week about to be simulated. 
The index J ranges from 1 to HORZ where the latter variable 
can have a value of 5 to 12 inclusive. This value is read 
from spreadsheet input file. The index I=l, ... ,10 is for the 
ten final products. 
The Teach aggregate planning subroutine, TCHAGG, 
requires the forecasts as described above, i.e., FORE(J,I), 
I=l, ... ,10 and J=l, ... ,HORZ. As outputs TCHAGG generates an 
aggregate production plan AGG(J,I), J=l, ... ,HORZ and 
I=l, ... ,11. AGG(l,I) is the desired level of production of 
final product 1 during the coming production week's 
simulation. AGG(J,I) for J >= 2 is the anticipated level of 
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' production of the Ith final product in subsequent weeks. 
AGG(l,11) is the total work force for the current week. 
AGG (J, 11) for J > 2 ' 1s zero. Furthermore, DEC(!) is set 
equal to AGG(l,I) for I=l, ... ,10 in order to satisfy a data 
requirement for the weekly simulation. (See Appendix A). 
The Teach detail plan subroutine, TCHDET, requires the 
aggregate plan as described above, i.e., AGG(J,I), I=l, ... ,10 
" 
and J=l, ... ,HORZ and AGG(l,11). The outputs of the detailed 
plan are DEC(!) where I=ll, ... ,43. The elements for 
I=ll, ... ,32 represent the desired levels of production for 
the coming simulation of sub-assemblies and parts. The 
elements for !=33, ... ,40 represent orders for raw materials 
placed at the beginning of the week about to be simulated. 
Elements !=41,42,43 represent the work force in departments 
1, 2, and 3 respectively. An additional option that the 
student's detailed plan may utilize is the expediting option, 
EX(I), I=ll, ... ,32. If EX(I)=l and a shortage of the Ith 
occurs, the shortage I 1S "expedited'' and the cost of 
purchasing and expediting the component is added to the 
inventory value of the good being produced. 
The student may also change the sequence of production within 
departments. The PRTY(I) vector for I=l, ... ,32 contains the 
desired sequence of production. Under current input 
parameter settings the PRTY(I) vector I I 1S 1n numerical 
sequence, i.e., items are produced in code number order --
item 1 first, item 2 second, etc. and item 32 last. Under 
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TCHDET, a student may alter the sequence present in the 
spreadsheet input file by replacing it with the desired 
priority sequence. For example, suppose it is desired to 
produce item 10 first and item 9 second, and the • • remaining 
items in numerical order. The production Priority Control 
input would be replaced with 11 02 11 (the value of IM) in the 
first entry followed by 11 10 11 and ''09'' in the second and 
third, respectively. The PRTY(I) vector would then be 
executed as follows: PRTY ( 1) - 10, FRTY(l 
PRTY(3) = 1, ... , PRTY(9)=7, PRTY(lO) = 8, PRTY(ll) = 11, .. 
PRTY(32) =32. And so on. Under the DEPLAN subroutine option 
the PRTY(I) vector can be accessed weekly, so that more 
dynamic changes can be made to the production sequencing 
depending upon conditions within the Factory as the 
simulation run progresses. In this case decision rules can 
be implemented which monitor state variable values and 
correspondingly alter PRTY(I). Note under DEPLAN the 
Production Priority Control input values will be inoperative 
if the PRTY(I) vector is modified by the 
As noted above AGG(l,11) is the 
subroutine. 
/ 
total wq,fk force for 
.,, 
the current week (J=l) . Under TCHDET the work force • 1S 
allocated to Departments 1 and 2 in proportion to desired 
production by department, and the residual workers (i.e., 
total net of the first two departments) is assigned to 
Department 3. In this case increases (decreases) in the work 
force from week to week are ''smoothed" over Departments 1 and 
\ 
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2 according to desired cutput. Under DEPLAN the student's 
subroutine must specify by week the number of workers in each 
of the three departments (i.e., the values of DEC(41), 
DEC(42), and DEC(43) for the departmental work force, 
respectively). In addition the student may also designate a 
departmental priority sequence for workers hired (fired). To 
implement this priority the subroutine assigns values to the 
vector NPRT(l), for I=l,2,3 (Format 12) indicating the 
department sequence, for example, NPRT(l) 03 means 
Department 3 is first priority, and so on. Any discrepancies 
between desired work force levels in adjacent weeks within 
departments is first satisfied by workers hired (fired) and 
then workers transferred. 
4.4 Run Control 
The WEEK counter is incremented just prior to the calls 
on the three decision making subroutines. Thus, when the 
subroutines are called, WEEK already contains the number of 
the week that is about to be simulated. 
The simulation of production occurs within two • maJor 
loops, the department loop and the product loop. The 
departments are simulated in the order 1,2,3. At the 
beginning of each cycle through the department loop, the 
maximum effective time available for production in that 
department is determined (regular time plus maximum allowable 
overtime minus productive time lost due to new workers hired 
or transferred). The product loop is then entered. Each 
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cycle through the product loop results in the simulated 
production of one of the products in the department currently 
being simulated. The desired level of production for each 
product • 1S first tested to determine whether there • 1S 
sufficient time available, production is reduced to make an 
,, 
• • amount consistent with the productive/ time remaining. 
Similarly, the desired level of producti9p is tested to 
; 
determine if there are sufficient components available in 
inventory to make requirements. If there are insufficient 
components and the expedite option for the "short" components 
is not exercised, the desired level of production is reduced. 
Whenever the desired level of production is reduced, a 
shortage message is printed (unless this 
suppressed in the input file control option). 
printing • is 
After the time and material constraints have been 
checked and the level of production reduced to a feasible 
level, the product is made by increasing the product's 
inventory level and inventory valuation and reducing the 
inventory levels and values of the components. The 
production time used is deducted from the time available for 
production in that department. 
Orders for raw materials having a one week lead time 
are added to raw material inventories after production • is 
completed. Raw materials with two week lead times are placed 
on order for a week and are added to raw material inventories 
at the end of production in the following week. 
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The demand calculations proceed as follows: A 
reduction in demand due to any previous backorder conditions 
is computed first. The base demand, including a random error 
term is then computed. -The random error term in the demand 
function is drawn from a normal distribution. Total demand 
. ' then becomes the base demand less the reduction of demand due 
to previous shortage conditions plus backorders on hand. 
Sales up to this maximum level are produced from the final 
products' inventories. If inventory is insufficient to meet 
demand, a fraction of the shortage will appear as 
backorders-on hand and be added to next week's demand. 
Accounting and operating data are generated as 
follows: The absolute difference between actual sales and 
the forecast of sales for the week is added to the 
accumulated forecast deviations for each of the ten final 
products. Hiring and firing costs are then computed. The 
net differecce between the previous week's work force level 
and the current week's level is the number cf workers hired 
if positive or fired if this difference is negative. The 
number of workers that must be shif-ted between departments/ 
after hiring or firing to meet actual production in each 
department is the number of 'Workers transferred. Sales 
dollars are the total revenue derived from the week's sales 
of all ten final products. Weekly operating costs are 
computed according to the accounting procedures described in 
detail above in the case discussion under section 2.4, 
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"manufacturing costs" (see page 12). After all the accounting 
costs have been computed either TCHREP, the Teach production 
inventory report generator, or the student written REPORT 
subroutine is called. Weekly, monthly quarterly and yearly 
reports are then printed in the corresponding weeks as 
requested, respectively. As the main program is presently 
written, there is no option to supress the annual performance 
summary. Until the run length limit is reached, the program 
cycles through the weekly producticn simulation loop. 
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4. Guidelines to Operation and Use 
The implementation of the production simulator came 
from a simulation program that was employed in a graduate 
course on production and operations management at the 
Graduate School of Industrial Administration at Carnegie 
Mellon University. The first encounter, students in the 
Industrial Engineering at Lehigh University with the concepts 
of the simulation I is I in IE251 "Production and Inventory 
Control". The computer equipment required for the simulation 
consists of IBM Personal Computers series and clones. 
The simulator is organized around five major typical 
areas: Aggregate Planning, Forecasting, Inventory Control, 
Production Scheduling, and Information • Processing. The 
Factory simulator is employed as a "live" case study for 
concepts developed through either class lectures or assigned 
readings in each typical area. 
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APPENDIX A 
VARIABLE DICTIONARY FOR C/LANGUAGE COMPUTER MODEL 
Al. Table of Contents 
This listing contains all variables in the model which 
can be accessed by student subroutine programs directly or 
through a CALL on corresponding ''TEACH" subroutines. 
Variables are grouped by subroutine decision options (i.e., 
forecasting, aggregate planning, etc.). For each option the 
labeled COMMON is identified and the variables are grouped as 
either "input", inter1nediate" or "output''. Under the 
"report" option variables are grouped as either ''accounting" 
or "operating data". 
A2. Alphabetical Listing of Variables 
This appendix contains an alphabetical listing of all 
variables used in the C/language computer model. Each 
listing includes the variable name, dimension (for matrices), 
type of variable declaration (integer, real, or logic), and 
definition. Variables which can be accessed by student 
subroutine programs (see Al above) are prefaced with an 
asterisk(*). Variables which may be cumulated over time 
(month, quarter, etc.) have the same base variable name 
(e.g., "VAR'') but are prefixed with the letter X (e.g., 
"XVAR'') and are listed under the base name. 
Please note that the variables in the programs are lower case 
not as displayed in the manual. 
Al. TABLE OF CONTENTS 
TCHFOR or FCST: 
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Common labelled: COMMF 
COMMF: 
Input: ALPHA{lO), FORE{l2,10), HISTSA{l0,264), 
HORZ, SALES{lO),WEEK 
Output: FORE {12,10) 
TCHAGG or AGGR: 
Common labelled: COMMA; also COMMF 
COMMA: 
Input: 
Int: 
AP{32), BETA(lO), DEC{43), DELTA{lO), 
DINV{40), FGP(lO), FORE(l2,10), GAMMA{lO), 
HORZ, INVO(lO), LAMBDA, PI 
AV(lO), REl, TEMP 
Output: AGG(l2,ll), DEC{lO) 
TCHDET or DEPLAN. 
COMMD: 
Common labelled: COMMD; also COMMF, COMMA 
Input: 
Int.: 
AGG(l2,10), HORZ, MU(40,40), PX3(10,40), 
PX4(10,40), PX5(10,40), S(32), U(32) 
Tl, T2, T3, TEMP, TOT, XS(40) 
Output: DEC(43), EX(40),JM, NHIRE(3), NPRT(3), 
NTRNS(3), PRTY(32) 
TCHREP or REPORT 
COMMP: 
COMOP: 
.COMAC: 
Common labelled: COMMP, COMOP, COMAC, COMMR, 
CONTRL; 
also COMMF, COMMA, COMMD 
("parameters") 
FC, HC, PRICE(lO), RC{40), TC, WR 
("operating data") 
ACTIM(3), DBO[lO], D00[40], EXPED(40), 
FDEV(lO), INV(40), IWF, !TRANS, LLF{3), 
NINV{40,40), T(32) 
("accounting data") 
ADMIN, CDM, CGM, CGS(lO), CEX, CINV, CMAT, 
CLAB, CLABOV, CLABR, DV(40), EXCT(40), FCC, 
HCC, MCGS, DEX, PBT, TBI, TCC, TEI, TOH, 
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TOTSAL, V(40), VALRM, VOH, VV(40,40) 
COMMR: ( ''accumulated values") 
Operating Data: 
XAP 32 4), XDEC(40,4), XEXPED(40,4), 
XFDEVCl0,4), XFORE(l2,10,4), XIFIR(4), 
XIHIR(4), XITRNS(4), XOT(4,4), XSALES(l0,4), 
XST(4,4), XTR(4,4) 
Accounting Data: 
CONTROL: 
XADMIN(4), XCDM(4), XCGM(4), XCGS(4), XCEX(4), 
XCINV(4), XCMAT(4), XCLAR(4), XCLABR(4), 
XCLBOV(4), XFCC(4), XHCC(4), XMCGS(4), 
XOEX(4), XPBT(4), TBI(4), XTCC(4), XTOM(4), 
XTOTSL(4), XVALRM(4), XVOM(4), XXID(4,4) 
(system run control) 
NACT, IRR(6,4) 
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A2. Alphabetical Listing of Variables 
NAME DIM 
A(I) 10 
*ACTIM(I) 3 
*ADMIN;XADMIN(k) 
*AGG(J,I) 12,11 
AIT(J) 3 
ALL(!) 32 
ALLOC(l) 32 
*ALPHA(!) 10 
*AP(I) ;XAP(I,K) 32 
AV(I) 
BE 
10 
TYPE 
F 
F 
F 
I 
F 
F 
F 
F 
I 
F 
F 
DEFINITION 
Smoothing coeff. that determines 
the amount that shortages reduce 
demand for Ith good I=l, ... ,10 
Counter total time used for 
manufacturing in the Ith 
department 1,2,3 
Administrative cost, (used in 
direct costing). 
AGG(J,I): Desired level of final 
product production for I=l,. e.,10 
and work force I=ll when time 
period index J=t=T+l for T=t, ... , 
(HORZ) where tis the current 
decision period 
Total value of weekly inventories 
to date J=l,2,3: for monthly, 
quarterly, and annually, 
respectively 
Used in the allocation of 
overtime and idle time, 
corresponding to item I. 
Used in the allocation of hire 
and fire costs, corresponding to 
item I. 
Smoothing coeff. for sales 
i • forecast of Ith final product 
I=l, ... ,10 
Actual production in the Ith 
final product I=l, ... ,10 
Average forcasted sales 
Temporary viable used in 
computing labor cost 
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NAME DIM TYPE 
*BETA ( I) 10 F 
BO(I) 10 I 
DOH(!) 10 F 
BUDG(I) 6 F 
*CDM,XCDM(K) F 
*CEX;XCEX(K) F 
*CGM;XCGM(K) F 
*CGS(I) ;XCGS(I,K) 10 F 
*CINV;SCINV(K) F 
CL(I) 3 F 
*CLAB;XCLAB(K) F 
*CLABOV;XCLBOV(K) F 
DEFINITION 
Smoothing coeff. in aggregate final product production forecast difference in last week's 
production level 
Shortage of final product 
I=l, ••• , 10 
Reduction of demand due to 
previous shortage conditions for final product I=l, ••• ,10 
Budgetary target levels: gross profit, direct material cost, direct labor cost, regular time, 
overtime, inventory turnover: 
I:l,~@9,691 
Total cost of raw materials put in process plus materials 
expedited during the week 
Total cost of expediting 
materials for this week's 
production 
Cost of goods manufactured during 
the week 
Cost of good I sold during this 
week based upon FIFO inventory 
valuation method 
~otal inventory holding cost for 
t~yeek 
ccumulated cost of labor to 
~ ate; I=l,2,3 for month, quarter 
and year 
Cost of labor for this week: 
cost of regular time plus cost of 
overtime 
Cost of labor overtime for this 
week 
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NAME DIM 
XCLABR;XCLABR(K) 
CM(J) 3 
*CMAT;XCMAT(K) 
CO(I) 
Cl{I) 
C2(I) 
C3(I) 
*DBO (I) 
10 
10 
10 
10 
10 
TYPE 
F 
F 
F 
F 
F 
R 
F 
I 
, 
*DEC(!) ;XDEC(J,K) 43 I 
*DELTA{!) 
DEM(!) 
DFl 
DF2 
DF3 
DF4 
DF5 
DF6 
10 
10 
F 
I 
F 
F 
F 
F 
F 
F 
DEFINITION 
Cost of labor regular time for 
this week 
Accumulated cost of direct 
materials to date, I=l,2,3 for 
month, quarter and year 
Cost of materials for this week: 
cost of goods sold less cost of 
labor and other expenses (full 
costing) 
Demand coeff. for Ith final 
product 
(SAA) Same As Above 
{SAA) 
(SAA) 
Estimated backorders for Ith 
added to a next month's demand 
Desired production of I for this 
week; I=l, ... ,40. Desired work 
force in dept. (I-40; I:41,42,43) 
Smoothing coeff. in aggregate 
final product production forecast 
deviation of fep. inventory from 
desired level 
Demand for Ith final product less 
reduction product due to previous 
shortages 
Temporary variables used in year 
end budget comparison 
(SAA) 
(SAA) 
(SAA) 
(SAA) 
(SAA) 
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·~) NAME DIM 
*DINV(I) 40 
*DOO(J) 40 
*DOV (I) 40 
EPS 
*EX (I) 40 
*EXCT (I) 4 0 
*EXPED(I); 40 
XEXPED(J,K) 
EXT 
*FC 
*FCC;XFCC(K) 
*FDEV(I) ;XFDEV(J,K) 
*FGP(I) 10 
*FORE(J,I) 12,10 
XFORE(J,I,K) 
*GAMMA(!) 10 
*HC 
TYPE 
I 
I 
F 
F 
I 
F 
I 
F 
F 
F 
I 
F 
I 
F 
F 
DEFINITION 
Inventory levels in units, 
I=l, ... ,40 
Materials currently on order but 
not yet arrived, I=l, ... ,40 
Dollar value of inventory, 
I=l, ... ,40 
Random error term in demand 
function, normally distributed 
Expedite option for Ith material 
I=ll,~-~~,40 contains a positive 
number if expedite option is 
elected 
Cost of buying a unit of I that 
has been expedited, I:11, ... ,40 
Number of the Ith material that 
has been material expedited this 
week I=ll, ... ,40 
Temporary variable in overhead 
allocation 
Firing cost per man fixed 
Total week's firing cost 
Cumulative absolute deviations 
between forecasts and sales for 
the Ith final product 
Productivity per manweek (40 hr.) 
in final product I; I=l,•00 1 10 
Forecast of sales in planning 
period J for final product I; 
equation FORE(J,I) 
Smoothing coeff. in last month's 
final product production forecast 
difference in forecast and 
average horizon forecast 
Hiring cost per man 
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NAME 
*HCC;XHCC(K) 
HFTC 
DIM. 
*HIST(I,T) 10,24 
*HISTSA(I,T) 10,264 
*HORZ 
HPL 
I 
*IB(I) 
IC 
ICNT 
6 
ID 
*IFIR:XIFIR(K) 
IFL 
*IHIR;XIHIR(K) 
IL 
TYPE 
F 
F 
I 
I 
I 
F 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DEFINITION 
Total week's hiring cost 
Total week's hiring, firing and 
transfer cost 
Historical sales for 24 weeks of 
final products: I=l, ... ,10. 
T=l, ... ,24 where 24 is most 
recent period 
Sales history; begin with the 
historical sales for 24 weeks and 
store the sale of each week of 
simulation until there are more 
than 264 weeks, then only keep 
the last 264 weeks 
Length of plenning horizon: 
5 <= HORZ <= 12 (currently, 
HORZ = 5) 
Lost production hours for the 
first week of a newly hired 
worker 
Index variable 
Array containing the highest and 
lowest product number in each 
department 
Index variable 
Index variable 
Departnent loop index 
Number of workers fired during 
the week 
FIFO accounting period in weeks 
(current: IFL=12 
f! 
Number of workers hired during 
the week 
Lower bound on product loop 
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NAME 
ILWWF 
*IM 
IMO 
IMPR(I) 
!NIT 
*INV(!) 
*INVO(I) 
IP 
IPRl 
DIM. 
32 
40 
10 
*IRR(I,K) 6,4 
*ITRANS;XITRNS(K) 
*IWF 
IU 
TYPE 
I 
F 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DEFINITION 
Last week's work force 
Index that must be equal to the 
number of products that are given 
FIFO control index 
Array used in production priority 
calculations 
Initial random number and then 
updated random number in a 
sequence of pseudo r.m. 
Amount of Ith material in 
inventory I=l, ... ,40 
Desired level of inventory for 
final products; used only in pre-
written aggregate production plan 
Product loop index 
Index variable 
Report printout control: report 
K index is report frequency code; 
If IRR(I,K) = o the report I with 
the corresponding frequency of K 
is supressed. if IRR(I,K) = 
"corresponding frequency of K" 
then report is printedo (Note: 
In report subroutine you can 
request or supress reports 
#1,2,3,4,5,6 by loading IRR(I,K) 
as specified and then calling 
IRR(I,K) as specified and then 
calling 'TEACHREP" subroutine.] 
Number of men transferred between 
departments 
Work force this week 
Upper bound en product loop 
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NAME 
IUPl 
IVAR 
IXR(J) 
IZ 
J 
JH 
JHH 
JM 
JMAX(I) 
JMX 
JMXX 
JR 
K 
L 
*LAMBDA 
LDEP 
LIMIT 
DIM. 
76 
40 
TYPE 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
F 
I 
I 
DEFINITION 
IU + 1, number of the product 
that is one greater than the last 
product in the department 
Index variable in report 
generator 
Control of report printout 
Index: for material constraint 
loop, inventory update loop, and 
elsewhere 
Index variable 
Index variable (In FIFO 
computations) 
(SAA) 
Index Counter for the number of 
periods for a I product 
Number of periods in inventory of 
the Ith good 
Index variable, identify maximum 
period. Substitutes with JMAX(I) 
(SAA) 
Index variable 
Index variable 
Index variable and temporary 
variable in labor cost 
calculations 
Smoothing coeff. in aggregate 
plan difference in previous work 
force and estimated regular hour 
requirements 
Temporary variable used in 
computing labor costs 
Control variable, number of weeks 
the simulation is to run 
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NAME DIM. 
*LLF(I) 3 
LN 
LT 
*MCGS;XMCGS(K) 
MEAN(I) 
MN 
MONTH 
MOT 
10 
*MU(I,J) 40,40 
N 
*NACT 
*NHIRE(I) 3 
*NINV(I,J) 40,40 
*NPRT(I) 
*NTRNS(I) 
NULES 
3 
3 
TYPE 
I 
I 
I 
F 
F 
I 
I 
F 
I 
I 
I 
I 
I 
I 
I 
I 
DEFINITION 
Last week's labor force in the 
Ith department I=l,2,3 
Total work force this week 
Total work force last week 
Manufactured cost of goods sold 
Demand coeff. (Error term 
expected value is zero for all 
final prcducts) 
Product priority index variable 
Counter; number of complete 
months that have elapsed since 
the simulation began;4 week/month 
Maximum overtime. maximum 
proportion of hours per man week 
on a base of 40 hours/manweek 
Product explosion matrix. MU(I,J) 
amount of material J needed to 
make one unit of product I 
Temporary variable 
Accounting system control 
Number of workers hired by 
department 
Inventory level Ith good, Jth 
level (FIFO) 
Hire priority array 
Number of workers in dept. I 
that have been transferred from 
other departments 
index variable 
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., NAME DIM. 
*NULESl 
*OEX;XOEX 
*OO(I) 40 
OTl 
OVH(I) 3 
*OVT(I);XOT(I,K) 4 
*PBT;XPBT(K) 
*PII 
*PRICE (I) 10 
PROFIT(I) 3 
*PRTY (I) 32 
*PX3(I,J) 10,40 
*PX4(I,J) 10,40 
*PX5(I,J) 10,40 
QUART 
. ' . 
TYPE 
I 
F 
I 
F 
F 
F 
F 
F 
F 
F 
I 
I 
I 
I 
I 
DEFINITION 
Index variable in report printout 
control 
Other expenses: hiring, firing, 
inventory holding costs, and 
variable overhead (Plus 
administrative expense, $27,000 
in direct costing) 
Materials en order but not yet 
delivered active only for !=37 to 
40 
Total overtime this week over 48 
hours 
Cumulative overtime to date 
I=l,2,3 for month, quarter, year 
Total overtime this week in dept. 
(1,2,3) and (4) total 
Profit before taxes for the week 
total sales less cost of labor, 
cost of materials, other expenses 
Ratio of workforce in department 
I to the total work force 
Price of final products, selling 
price I=l, ... ,10 
Before tax accumulated to date 
profits I=l,2,3 for month, 
quarter, year 
Priority of production; contents 
of the array is the sequence of 
products produced 
Product explosion matrix 
SAA 
SAA 
Counter; number of quarters that 
have elapsed since simulation 
began 
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NAME 
*RC(I) 
RE 
REI 
REQ 
RH(I) 
*S(I) 
DIM. 
40 
3 
32 
TYPE 
F 
F 
F 
I 
F 
F 
*SALES(I);XSALES(I,K) 
10 I 
SLS (I) 3 F 
*ST(!) :ST(I,K) 4 F 
STDV (I) 
Sl 
S2 
S3 
S4 
S5 
S6 
S7 
10 F 
I 
I 
I 
I 
I 
I 
I 
DEFINITION 
Raw material costi !=33 to 40 
Temporary variable in random 
number generator 
Temporary variable in aggregate 
planning of total work force 
Temporary variable in material 
constraint, and inventory update 
loops. REQ stands for requirement 
Accumulated regular hours 1,2,3 
for month, quarter, year 
Set up time in hours for a 
production run of I, I=l, ... ,32 
Sales this week for I=l, •.. ,10 
products 
Accumulated cost of goods sold to 
date I=l,2,3 for mcnth, quarter, 
year 
Regular production hours for 
dept. 1,2,3 and total for factory 
Standard deviation of normal 
error term in demand function of 
I; I=l, .. ",10 
Temporary input variable 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
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NAME DIM. 
*T(I) 32 
Tl 
T2 
T3 
*TBI;XTBI(K) 
*TC 
*TCC;XTCC(K) 
TDEM 
TDEMl 
*TEI 
TEMP 
TIDLE 
TIME 
TME 
TMREQ 
*TOH;XTOH(K) 
TYPE 
' 
F 
F 
F 
F 
F 
F 
F 
I 
I 
I 
F 
F 
F 
F 
F 
F 
/ 
DEFINITION 
Total actual production hours by 
product (I=l,32) this week 
Anticipated production hours 
required in dept. 1 
Anticipated production hours 
required in dept. 2 
Anticipated production hours 
required in dept. 3 
Total$ beginning inventory 
(Item, 1-32) 
Cost of transferring one worker 
from one department to another 
(actually equal zero) 
Total transfer cost this week, if 
any (currently always zero) 
Temporary demand variable; demand· 
reduced by previous shortage 
condition plus estimated back 
orders 
Temporary variable in demand 
Total$ ending inventory (items 
1-32) · 
Temporary variable 
Temporary variable in idle time 
Temporary variable in product 
loop, maximum manhours available 
for product in department. 
Tin TIME is uppercase to 
differentiate it from system time 
Demand function clock 
Temporary variable in product 
loop 
Total$ overhead 
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NAME DIM. 
TOT 
TOTGGS 
I 
TOTOT' 
TOTO], 
' 
*TOTSAL;XTOTSL(K) 
TPL 
TT 
*TR(I) ;XTR(I,K) 4 
TURN 
*U(I) 
*V(I) 
VADD 
VAL 
4 
40 
*VALRM;XVALRM(K) 
*VOH;XVOH(K) 
*VV(I,J) 40,40 
WEEK 
TYPE 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
I 
DEFINITION 
Anticipated total production time 
required for the factory 
Total cost of goods sold this 
week 
Total overtime this week 
Total overtime hours in excess of 
48 hours this week 
Total sales (dollar value) this 
week 
Lost production hours for the 
first week of a transferred 
worker 
Total actual hours for production 
this week 
Total actual hours for production 
by department (1,2,3) and total 
(4) 
Temporary variable in performance 
reports, inventory turnover, 
yearly rate 
Variable production per unit 
Dollar value of inventory 
I=l, ... ,40 
Temporary variable in sales loop 
Temporary variable in product 
loop 
Value of raw materials for 
Work-In-Process during the week 
Variable overhead during week 
Value of the Ith inventory item 
in the Jth period (FIFO) 
Counter, clock, current week of 
operation 
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I 
NAME DIM. 
*WR 
*XID(I) ;XXID(I,K) 
4 
*XIC 
*XS(I) 40 
YEAR 
where I= Integer 
and F = Float 
TYPE 
F 
F 
F 
I 
I 
DEFINITION 
Wage rate $/hour 
Total payroll in dept (1,2,3) and 
(4) total 
Inventory carrying cost, 
percentage of weekly inventory 
evaluation 
Anticipated materials 
requirements for a production run 
(1-40) 
Counter, clock, current year 
1/ The subindex K is always of dimension 
cumulative variable values, K=l, 2, 3, 4 
quarter and year. 
4 and corresponds to 
for week, month, 
t 
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Appendix B: C Program Listing 
The c program listing • 1S filed with the Industrial 
Engineering department under FACTORY OPERATIONS MANAGEMENT 
SIMULATOR program listing. It contains the following 
modules: FACT2.C, FACT3.C, FACTS.C, VARS.Hand INP.WQK. 
FACT2.C is the main file containing the weekly simulation. It 
tracks available production time and inventory shortages. 
All variables are defined in this file. 
FACT3.C contains the background subroutines such as 
initialization, payroll, raw-material order and others. 
FACTS.C includes the decision-making subroutines. It contains 
the reference forecasting, Aggregate Planning, Detailed 
Planning and Reporting subroutines. 
VARS.Hin an include file for data variables and defines all 
externals. 
Finally, INP.WQK is the spreadsheet file which contains the 
input data and set of controls for program execution. 
In addition to these programs, a project file under FACT.PRJ 
is available and could be used to recompile and/or link all 
modules together. 
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APPENDIX C: General Turbo/C Specifications 
The main program and the nine subroutines are written in 
2 
Borland Turbo/C version 2.0. In programming the model, only 
general C/language statements were used so that the 
simulation programs could be compiled under other C/language 
compilers.Turbo/Coffers additional advantages over other 
compiler languages in that it can be linked to other 
programming languages such as Turbo/PASCAL, Turbo/BASIC or 
Assembly language. For more information on linking 
information and parameter passing between mixed modules 
please refer to Turbo/C User's guide manual page 362. 
The files consist of the I main program resident in 
FACT2.C and four Teach subroutines and a subroutine called 
SWAPP (used for permutation of demand function coefficients), 
resident I in FACTS.C. Peripheral subroutines to support the 
main simulation are resident 
declared in file VARS.H. 
• 1n FACT3.C. Variables are 
When the user elects to perform one of the decision 
making functions or to use his own report generator, he 
alters the input control in the spreadsheet file where shown. 
This causes the simulation program to call upon the student 
written subroutine instead of the Teach subroutine. The 
student must design and write his own code to carry out these 
functions. The subroutine call in the weekly simulation, 
explicit type statements for some of the common variables, 
are provided. The student need only write his program to 
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make the appropriate decisions and dimension any additional 
arrays that his code might require. These variables should be 
defined internal to his program. 
c.2. Turbo/C Programming Hints 
One of the two most common programming errors is to 
print the contents of variables without noting the explici~ 
type statements in the program or the variable declarations 
given in the variable dictionary. Although the Turbo/C 
compiler does not distinguish between different types of 
variables used in arithmetic, write or read statements, the 
proper format for input or output must be specified when 
writing Turbo/C code. e.g., use %d formats for variables of 
the type integer and the %f format for real variables. 
Otherwise, the output will be O if the declarations between 
the format statements are mismatched. 
The second most commmon student programming error is 
an array read or store beyond the bounds of the array. For 
example, if the value of the index pointer "i" in the Turbo/C 
statement dec[i] = 43; has a value of less than 1 or greater 
than 43 a variety of strange errors can cccur. If the value 
of "i" is very large or small (even negative) the statement 
could destroy som~ of the compiled internal program, possibly 
causing the program to "blow up" and the operating system to 
stop the run and print an error message. If the value of "i'' 
is slightly too large or small, the statement can alter the 
contents of some other array stored in core near the DEC 
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array. In this case the program may continue to run but 
cause the factory to exhibit bizarre behavior. For the 
novice programmer, the latter error is often very difficult 
to recognize and resolve. 
The third common error is to recognize the magnitude 
required to hold values in the register. Values that cannot 
fit within a single • • precision format will provide with 
erroneous results which sometimes translate into negative 
values. 
If a student wishes to compare his decision making 
subroutines with the Teach subroutine, he may elect to 
perform the function with his own subroutine: and then call 
the Teach subroutine from his own program. The student 
should guard against possible duplication in this case, since 
both the TCHFOR and TCHAGG subroutines generate .Dew forecasts 
and aggregate plans, respectively, by using and then writing 
over the previous forecast or aggregate plan. The student 
program may have to save a prior set of forecasts or en 
aggregate plan in a separate array before calling either of 
the Teach subroutines. In a similar manner, the student can 
suppress printing the output of the report generator except 
in certain weeks by electing the student written report 
generator option, calling TCHREP from his subroutine, and 
designating the desired reports and frequencies in the 
printing control input where shown. 
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